###### Strengths and limitations of this study

-   This is the first trial to explore the efficacy of intratracheal dexmedetomidine (Dex, 0.5 µg/kg) administration to attenuate or avoid untoward laryngeal reflexes in patients emerging from general anaesthesia after gynaecological laparoscopy.

-   Intratracheal Dex injection may attenuate laryngeal reflexes, provide better recovery quality and less pain and improve haemodynamic stability with no significant side effects.

-   All participants were recruited from a single hospital, which may limit the generalisability of the study's results.

-   The absorption characteristics of intratracheal Dex administration still require further exploration.

Introduction {#s1}
============

The incidence of intratracheal tube-induced laryngeal irritation, including coughing, bucking and cardiovascular stimulation, on emergence from general anaesthesia has been reported to occur in 38% and 96% of cases.[@R1] This may cause agitation and unstable haemodynamics during anaesthesia recovery, and can lead to complications, such as laryngeal oedema, sore throat, increased intra-abdominal pressure and anastomotic bleeding.[@R2] Accordingly, many anaesthesiologists have been seeking methods through which such laryngeal irritation can be attenuated, thus allowing for a smoother extubation.[@R3] This is particularly appealing for laparoscopic surgery, as pneumoperitoneum and hypercapnia can result in sympathetic excitement and an increase in blood pressure and heart rate (HR) during surgery.[@R4] Furthermore, it has been reported that hypercapnia might contribute to the aggravation of cough reflexes.[@R5]

Several strategies have been reported to facilitate a smoother extubation, such as intravenous lidocaine,[@R1] remifentanil and dexmedetomidine (Dex).[@R6] Dex is a potent, alpha-2-selective adrenoceptor agonist that causes sympatholysis, sedation and analgesia without respiratory compromise.[@R7] Delivering Dex intravenously to attenuate airway and circulatory reflexes during extubation in adults has been extensively evaluated in clinical studies, including studies in the laparoscopic surgery setting.[@R8] Recent studies have also indicated that the intranasal application of Dex is significantly useful and effective in the achievement of improved sedation and analgesia.[@R9] Additionally, intratracheal local anaesthetic instillation has been reported to be effective in preventing laryngeal reflexes.[@R10] We previously reported that intratracheal administration of medication has been widely used in clinical practices.[@R11] However, both the efficacy and safety profile of intratracheal Dex application are largely unknown and the technique has not been specifically investigated.

We conducted a prospective, randomised, double-blinded, controlled study to examine the efficacy of intratracheal injection of Dex before tracheal extubation for the prevention of the bucking response on emergence from general anaesthesia, compared with intravenous Dex and placebo administration.

Methods {#s2}
=======

Study subjects {#s2a}
--------------

In accordance with the Declaration of Helsinki, this randomised controlled trial was approved by the Institutional Review Board of the First People's Hospital of Huizhou City (approval number: 2015006) and was registered at [www.chictr.org](www.chictr.org) on 11 October 2015 (registration number: ChiCTR-IOR-15007611).

All patients undergoing elective laparoscopic gynaecological surgery in the hospital between February and May 2016 were considered for inclusion. Patients who were between 18 and 60 years of age, weighed between 40 and 80 kg and had been designated as American Society of Anesthesiologists (ASA) physical status (PS) I and II using the ASA PS scoring system were prospectively enrolled in this study. Patients were excluded from the study in the event of respiratory disease, heart disorders which might represent risk factors of potential complications of Dex such as bradycardia, heart block, sick sinus syndrome and coronary heart disease, hepatic or renal insufficiency, uncontrolled hypertension or long-term use of sedative drugs, such as benzodiazepines, barbiturates and other sedative hypnotics. Patients who were transferred to open surgery during the operation were excluded from the final analysis.

Group allocation {#s2b}
----------------

Written informed consent was obtained from all patients. Patients were randomly allocated to the Dex intratracheal injection group (DT group), the Dex intravenous injection group (DV group) or the control group (CON group). Randomisation was performed by an independent investigator based on a random number generation table in Microsoft Excel. Details of group allocation were all stored in numbered, opaque and sealed envelopes. All the patients, investigators, anaesthesiologists and statisticians were blinded to group assignment. Group allocation was not revealed until the final statistical analysis was completed.

Sample size {#s2c}
-----------

Based on retrospective results from the same surgical group, the cough score (mean (SD)) in the CON group was 2.2 (0.8) and was reduced to 1.7 (0.8) in response to the intravenous administration of Dex. With statistical significance set to 5% (two sided) and assuming a power of 90% and setting the cough score as the primary variable, we determined that a sample size of 27 was necessary for each group. In order to allow for a potential dropout rate of 10%, 30 patients were finally enrolled in each group.

Procedure {#s2d}
---------

To eliminate any possible effects of variation in the surgical technique used, all procedures were undertaken by the same surgical group. On arrival at the operating room, an IntelliVue MP30-type monitor (Philips, Netherlands) was used to record the systolic blood pressure (SBP), the diastolic blood pressure (DBP), the mean blood pressure (MBP) and the HR; the bispectral index (BIS) was also measured using an Aspect A-2000 monitor (Draeger, Germany).

Anaesthesia was induced through intravenous injection of 0.1 mg/kg midazolam, 2 mg/kg propofol and 0.4 µg/kg sufentanil, followed by 0.2 mg/kg cisatracurium. Three minutes later, intratracheal intubation was carried out using an enhancement type Ⅲ intratracheal tube (Xi'an Shen Lan Biomedical Engineering, approval number: 37140501) with an internal diameter of 7.0 mm. For maintenance of anaesthesia, sevoflurane was used in 100% oxygen (O~2~) with an infusion of 2 µg/kg/min cisatracurium and 0.04 µg/kg/min remifentanil to maintain a target BIS of 40--60. Mechanical ventilation was adjusted to maintain an end-tidal carbon dioxide pressure (P~ET~CO~2~) of 34--45 mm Hg.

Thirty minutes before the end of the surgery, cisatracurium was discontinued and 0.1 mg/kg tropisetron was administered in order as prophylaxis for postoperative nausea and vomiting (PONV). According to an earlier report,[@R12] Dex (0.5 µg/kg, diluted and mixed in 1 mL saline in a medical spray bottle) was sprayed down the intratracheal tube of patients in the DT group, and the patients in the DV group were intravenously given the same dose of Dex (diluted and mixed in 20 mL saline) as an infusion over 10 min. Total body weight of patients was taken into consideration to calculate the dose of Dex. Patients in the CON group were intravenously injected with saline (20 mL) instead of Dex for the same period of time. Patients in the three groups received continuous sevoflurane inhalation and remifentanil infusion until all surgical procedures were completed, and the O~2~ flow was increased to 5 L/min to exclude sevoflurane. Another anaesthesiologist, blinded to the randomisation, performed the remaining anaesthetic recovery processes and collected all the data.

Data collection {#s2e}
---------------

We recorded a range of demographic and intraoperative variables including age, weight, the pneumoperitoneum time and pressure, the duration of anaesthesia and operation, the time to awareness (from the end of the surgery to follow verbal command) and the time to extubation (from the end of the surgery to extubation). SBP, DBP, MBP and HR values were recorded 5 min before anaesthesia (T0), immediately after the administration of Dex (T1), 5 min after the administration of Dex (T2), 10 min after the administration of Dex (T3), at the end of surgery (T4), at the point of awareness (T5), at the point of extubation (T6), 2 min after extubation (T7), 5 min after extubation (T8), 15 min after extubation (T9) and 30 min after extubation (T10). Airway pressure and SpO~2~ values were recorded at T1, T2, T3 and T4. Subsequently, postoperative pain scores (using the visual analogue scale (VAS)) and the Steward recovery score (SRS)[@R13] were assessed at T8, T9 and T10.

The primary outcome was the coughing severity, as judged by the 4-point scale as reported previously,[@R1] which was evaluated during the recovery period from the time of awareness to 5 min after extubation: 0=no cough, 1=minimal (single) cough, 2=moderate (≤5 s) cough and 3=severe (\>5 s) cough (bucking). Grades 2 and 3 were considered to be clinically deleterious. The secondary outcomes included the awareness time, the extubation time, the postoperative VAS score, the SRS and the PONV. Bradycardia, tachycardia, hypertension and hypotension were recorded and compared. Bradycardia and tachycardia were defined as an HR \<50 or \>100 beats/min. Hypertension and hypotension were defined as an MBP \<30% or \>30% from the baseline (T0) for 5 min.

Statistical analysis {#s2f}
--------------------

Data analysis was performed using SPSS for Windows V.16.0 (SPSS). A one-sample Kolmogorov-Smirnov test was used to test the normality of continuous data. The quantitative variables, which were normally distributed, were expressed as a mean (SD) and analysed by one-way analysis of variance (ANOVA). Haemodynamic parameters among the three groups were tested using ANOVA followed by post hoc analysis. Non-normal data, such as the SRS and pneumoperitoneum pressure, were analysed by the Wilcoxon rank-sum test. Qualitative data were presented as numbers/percentages, and analysed by the Pearson χ^2^ test or Fisher's exact test. Differences were considered significant when the corrected p value was less than 0.05.

Results {#s3}
=======

A total of 92 patients were assessed, however in two cases the operative method was changed. Thus, 90 patients were enrolled in the final study between groups DV, DT and CON (n=30 per group, [figure 1](#F1){ref-type="fig"}). The patients in the three groups were comparable demographically, in terms of age, weight, ASA grade, duration of anaesthesia, operation and pneumoperitoneum, or pneumoperitoneum pressure ([table 1](#T1){ref-type="table"}).

![Consolidated Standards of Reporting Trials (CONSORT) flow diagram. CON, control group; DT, Dex intratracheal injection group; DV, Dex intravenous injection group.](bmjopen-2017-020614f01){#F1}

###### 

Perioperative and intraoperative baseline variables

  Variables                         CON group     DV group      DT group      P values
  --------------------------------- ------------- ------------- ------------- ----------
  Preoperative characteristics                                                
   Age (years)                      38.3 (9.2)    40.2 (10.6)   40.7 (10.1)   0.621
   Weight (kg)                      58.4 (10.7)   56.4 (6.3)    59.6 (8.8)    0.368
   ASA grade, n (%)                                                           0.875
    1                               5 (16.7)      7 (23.3)      5 (16.7)      
    2                               25 (83.3)     23 (76.7)     25 (83.3)     
  Intraoperative variables                                                    
   Anaesthesia time (min)           97.8 (18.5)   92.3 (13.2)   95.8 (13.8)   0.378
   Operation time (min)             87.8 (17.6)   84.5 (12.5)   86.0 (13.5)   0.690
   Pneumoperitoneum time (min)      74.9 (17.7)   73.8 (14.5)   72.3 (12.2)   0.789
   Pneumoperitoneum pressure (Pa)   13 (13--13)   13 (12--13)   13 (12--13)   0.247
   Bradycardia, n (%)               0 (0)         0 (0)         0 (0)         --
   Tachycardia, n (%)               11 (33.3)     2 (6.7)       3 (10.0)      0.004
                                    11 (33.3)     2 (6.7)                     0.005
                                    11 (33.3)                   3 (10.0)      0.015
   Hypertension, n (%)              9 (30)        2 (6.7)       2 (6.7)       0.016
                                    9 (30)        2 (6.7)                     0.020
                                    9 (30)                      2 (6.7)       0.020
   Hypotension, n (%)               0 (0)         0 (0)         0 (0)         --

Values are expressed as a mean (SD) or an absolute number (percentage) or a mean (IQR).

ASA, American Society of Anesthesiologists; CON group, patients were intravenously injected with saline (20 mL) for 10 min; DT group, Dex (0.5 µg/kg, diluted in 1 mL saline) was sprayed down the patient's intratracheal tube; DV group, patients were intravenously given Dex (0.5 µg/kg, diluted in 20 mL saline) for 10 min.

Primary and secondary outcomes {#s3a}
------------------------------

The extent of coughing in both the DV group and DT group (both p\<0.05, [table 2](#T2){ref-type="table"}) was significantly lower than the cough score in the CON group. Furthermore, the number of grade 2 and 3 patients accounted for 30% (9/30) of patients in the CON group, which was a much higher proportion than those in the DV group (10%, 3/30) and the DT group (6.7%, 2/30).

###### 

Primary and secondary outcomes

  -----------------------------------------------------------------------
  Variables               CON group    DV group    DT group    P values
  ----------------------- ------------ ----------- ----------- ----------
  Coughing extent\        6/15/6/3     18/9/3/0    16/12/2/0   0.008
  (n, 0/1/2/3)                                                 

                          6/15/6/3     18/9/3/0                0.005

                          6/15/6/3                 16/12/2/0   0.01

  Awareness time (min)    13.4 (4.3)   8.4 (5.0)   8.8 (2.9)   0.000

                          13.4 (4.3)   8.4 (5.0)               0.000

                          13.4 (4.3)               8.8 (2.9)   0.000

  Extubation time (min)   14.3 (4.3)   7.7 (3.1)   8.4 (3.6)   0.000

                          14.3 (4.3)   7.7 (3.1)               0.000

                          14.3 (4.3)               8.4 (3.6)   0.000

  PONV                    1 (3.3)      0 (0)       1 (3.3)     0.439
  -----------------------------------------------------------------------

Values are expressed as a mean (SD) or an absolute number (percentage). Coughing severity was evaluated during the recovery period from the time of awareness to 5 min after extubation using the 4-point scale: 0=no cough, 1=minimal (single) cough, 2=moderate (≤5 s) cough, 3=severe (\>5 s) cough. PONV was noted if the patient felt nauseous or vomited after surgery.

CON group, patients were intravenously injected with saline (20 mL) for 10 min; DT group, Dex (0.5 µg/kg, diluted in 1 mL saline) was sprayed down the patient's intratracheal tube; DV group, patients were intravenously given Dex (0.5 µg/kg, diluted in 20 mL saline) for 10 min; PONV, postoperative nausea and vomiting.

Consistent with the intravenous application of Dex, the intratracheal administration of Dex also significantly reduced the mean awareness time and the extubation time when comparing the DT group and the CON group (both p\<0.001; [table 2](#T2){ref-type="table"}). The incidence of PONV did not differ between the three groups.

In terms of SRS, we found that patients in the DT group and the DV group had a better quality of early recovery than those in the CON group at T8 and T9 (p\<0.001, [table 3](#T3){ref-type="table"}). However, at T10, there was no significant difference in the SRS values between the three groups.

###### 

The SRS and VAS scores among the three groups

              CON group   DV group    DT group    P values
  ----------- ----------- ----------- ----------- ----------
  SRS (T8)    4 (3--4)    4 (4--5)    4 (4--5)    0.001
              4 (3--4)    4 (4--5)                0.005
              4 (3--4)                4 (4--5)    0.000
  SRS (T9)    5 (4--5)    5 (4--5)    5 (5--5)    0.001
              5 (4--5)    5 (4--5)                0.005
              5 (4--5)                5 (5--5)    0.000
  SRS (T10)   6 (5--6)    6 (6--6)    6 (6--6)    0.323
              6 (5--6)    6 (6--6)                0.139
              6 (5--6)                6 (6--6)    0.394
  VAS (T8)    3.4 (0.6)   2.6 (0.8)   2.8 (0.8)   0.000
              3.4 (0.6)   2.6 (0.8)               0.000
              3.4 (0.6)               2.8 (0.8)   0.005
  VAS (T9)    3.1 (0.6)   2.6 (0.7)   2.7 (0.7)   0.015
              3.1 (0.6)   2.6 (0.7)               0.005
              3.1 (0.6)               2.7 (0.7)   0.038
  VAS (T10)   3.2 (0.6)   2.9 (0.7)   2.6 (0.8)   0.009
              3.2 (0.6)   2.9 (0.7)               0.1
              3.2 (0.6)               2.6 (0.8)   0.002

Values are expressed as mean (SD) or median (IQR). The SRS was determined according to consciousness (3=awake, 2=responds to verbal stimuli, 1=responds to tactile stimuli, 0=not responding), airway condition (2=cough on command or cry, 1=maintains good airway, 0=requires airway assistance) and motor condition (2=moves limbs purposefully, 1=non-purposeful movement, 0=not moving). The VAS score was defined on a scale of 0 (no pain) to 10 (the worst pain imaginable).

CON group, patients were intravenously injected with saline (20 mL) for 10 min; DT group, Dex (0.5 µg/kg, diluted in 1 mL saline) was sprayed down the patient's intratracheal tube; DV group, patients were intravenously given Dex (0.5 µg/kg, diluted in 20 mL saline) for 10 min; SRS, Steward recovery score; VAS, visual analogue scale.

The VAS data recorded for the three groups are shown in [table 3](#T3){ref-type="table"} and online [supplementary table 1](#SP1){ref-type="supplementary-material"}. Significant reductions were observed in both the DT group (2.8 (0.8) vs 3.4 (0.6), p=0.005) and DV group (2.6 (0.8) vs 3.4 (0.6), p\<0.001), compared with the CON group at T8 ([table 3](#T3){ref-type="table"}). In addition, less patients in the DV (13.3%) and DT (16.7%) groups experienced moderate pain (VAS 4--6) than those in the CON group (46.7%) at T8 (online [supplementary table 1](#SP1){ref-type="supplementary-material"}).
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In terms of respiratory parameters, we found that the intratracheal application of Dex (DT group) had no significant influence on the recorded airway pressure or the SpO~2~, when compared with either the CON group or the DV group (all p\>0.05, [figure 2](#F2){ref-type="fig"}).

![Airway pressure and SpO~2~ among the three groups. (A) Airway pressure and (B) SpO~2~ among the CON, DT and DV groups. Dex (0.5 µg/kg) was diluted in 1 or 20 mL of saline, respectively, and injected via the intratracheal (DT group) or intravenous (DV group) route 30 min before the completion of surgery. In the CON group, patients were intravenously injected with saline (20 mL) for 10 min. Values are expressed as a mean (SD). SpO~2~, pulse oxygen saturation; T1, immediately after the administration of Dex; T2, 5 min after the administration of Dex; T3, 10 min after the administration of Dex; T4, at the end of surgery.](bmjopen-2017-020614f02){#F2}

Haemodynamic changes {#s3b}
--------------------

Compared with the CON group, perioperative mean arterial pressure values in the DT group and the DV group showed less dramatic variation ([figure 3A](#F3){ref-type="fig"}), particularly at the time of awareness (T5), the time of extubation (T6) and 2 min after extubation (T7). Similarly, the HR values showed less variation at the time of awareness (T5), the time of extubation (T6) and 2 min after extubation (T7; [figure 3B](#F3){ref-type="fig"}) in the DV group.

![Haemodynamics at different time points. (A) MBP and (B) HR at different time points among the CON, DT and DV groups. Haemodynamics at different time points among the CON, DT and DV groups. Dex (0.5 µg/kg) was diluted in 1 or 20 mL of saline, respectively, and injected via the intratracheal (DT group) or intravenous (DV group) route 30 min before the completion of the surgery. In the CON group, patients were intravenously injected with saline (20 mL) for 10 min. Values are expressed as a mean (SD). HR, heart rate; MBP, mean blood pressure; T0, 5 min before anaesthesia; T1, immediately after the administration of Dex; T2, 5 min after the administration of Dex; T3, 10 min after the administration of Dex; T4, at the end of surgery; T5, at the point of awareness; T6, at the point of extubation; T7, 2 min after extubation; T8, 5 min after extubation; T9, 15 min after extubation; T10, 30 min after extubation. \*P\<0.05, CON group versus DT group. \#P\<0.05, CON group versus DV group.](bmjopen-2017-020614f03){#F3}

The number of cases experiencing tachycardia during tracheal extubation in the DT group (2/30 vs 11/30, p=0.005) and the DV group (3/30 vs 11/30, p=0.015, [table 1](#T1){ref-type="table"}) was significantly lower than those recorded in the CON group. There were nine patients with hypertension in the CON group and two patients with hypertension in both the DT and the DV groups during the recovery period, with significant intergroup differences (9/30 vs 2/30, both p=0.020).

There were no statistical differences in the proportion of patients with bradycardia and hypotension between the DT group, the DV group and the CON group ([table 1](#T1){ref-type="table"}).

Discussion {#s4}
==========

The results of this study show that intratracheal administration of Dex reduced the extent of coughing observed in patients after gynaecological laparoscopic surgery at the time of extubation when compared with saline-treated control group. Furthermore, the intratracheal application of Dex did not demonstrate any negative airway events in the present study population, producing stable haemodynamic effects, improving the quality of early recovery and improving the pain score of patients. These effects are similar to those observed following the intravenous administration of Dex.

Pneumoperitoneum and surgical position during laparoscopic surgery may contribute to the CO~2~ absorption, the increased intracuff pressure and the aggravation of laryngeal reflexes during anaesthesia recovery.[@R14] Laryngeal responses, such as bucking and coughing on emergence from anaesthesia, can lead to a variety of complications, such as laryngeal spasm, laryngeal oedema, sore throat, increased intra-abdominal pressure and anastomotic bleeding.[@R1] Various interventions have been studied attempting to attenuate this sympathetic response, including the administration of various drugs, such as lidocaine[@R16] and short-acting opioids,[@R17] before tracheal extubation. The present study found that the intratracheal administration of Dex also represents an effective way to prevent the laryngeal responses observed on emergence from general anaesthesia.

Intratracheal medication has been reported to provide a rapid means of accessing the systemic circulation when intravenous administration is not possible in emergency situations.[@R18] Being a non-invasive and highly convenient method, intratracheal administration has been successfully used to deliver many drugs in various clinical settings, such as the use of lidocaine sprays in tracheal intubation.[@R19] The intratracheal administration of Dex could represent an alternative method in particular circumstances when an intravenous line is not possible. In addition, it might be more simple and convenient to apply intratracheal Dex than intranasal Dex during general anaesthesia with an oral or nasal intubation. However, few studies have investigated the efficacy and safety of intratracheal Dex administration during recovery from general anaesthesia. Patton *et al* [@R20] reported that the lung was a rapid absorption area which is naturally permeable to many small-molecule and therapeutic drugs, and that both hydrophilic and hydrophobic peptides and proteins could be absorbed across the pulmonary epithelium at a molecular weight-dependent speed. Being a hydrophilic small molecule, we believed that Dex was intratracheally absorbed in the present study order to exert its pharmacological effects. Earlier reports have revealed that Dex, at a dose of 0.5 µg/kg for intravenous administration, could significantly improve the recovery profile by reducing the incidence of emergence agitation in children[@R12] and adult population.[@R6] The current study indicates that a single dose of intratracheal Dex (0.5 µg/kg) exerted the same effect as intravenous application of the same drug, as reflected by a reduction in the extent of coughing and the postoperative pain score without significant side effects or complications. This was the first randomised controlled study to investigate the effects of intratracheal Dex premedication on the recovery of adult patients from general anaesthesia.

These results might be attributable, in part, to the reduction of sympathetic and laryngeal nerve sensitivity during extubation after both intratracheal and intravenous Dex administration.[@R23] Intratracheal Dex is believed to be absorbed rapidly through the bronchial and alveolar capillary network to exert its effect, such as inhibiting the increase in HR and blood pressure in response to sympathetic signals.[@R24] Furthermore, it has been demonstrated that Dex can reduce the hyperalgesia caused by remifentanil and pain stimulation, and can yield global haemodynamic stability and prevent violent injury to the throat and vocal cord.[@R25] Notably, previous reports have confirmed the efficacy of intranasal Dex as a sedative premedication to induce a favourable perioperative anxiolysis[@R28] and reduce emergence agitation during recovery from general anesthesia.[@R29] In addition, Rani *et al* [@R30] found that a single dose of Dex, administered intravenously 15 min prior to extubation, could suppress the airway reflex during recovery from general anaesthesia. Furthermore, being a highly selective alpha-2 adrenoceptor agonist, Dex was reported to activate alpha-2a adrenoceptors which are located in the locus coeruleus and exert hypnotic action.[@R31] Thus, along with its sedative effect and potential analgesic effect in the alleviation of postoperative pain, Dex may expedite a smooth and early recovery.[@R32]

The potential adverse side effects of Dex include bradycardia, hypotension and delayed recovery.[@R33] None of these adverse effects were recorded in our current trial and this might be attributable, in part, to a suitable dose of Dex (0.5 μg/kg). In addition, some rare, or less frequent, adverse side effects from the use of Dex, administered intravenously and intratracheally, might have been apparent since there were only 30 subjects in each group.

This study has some limitations which need to be considered. First, although we found that intratracheal Dex medication may have the same effect as intravenous administration in the immediate recovery period, the absorption characteristics and both pharmacokinetics and pharmacodynamics of intratracheal Dex administration still require further exploration. This was a preliminary investigation and more evidence is now required to support the wider clinical use of this method. Second, only 90 Chinese patients were enrolled in this study and a larger number of patients from multiple centres all over the world are now required to conﬁrm the results and to record rare, or less frequent, adverse side effects from the use of Dex intratracheally. Third, the present study only tested a single dose of Dex (0.5 µg/kg), therefore, dose-dependent effects of intratracheal Dex on airway reflexes should be explored in the near future. Fourth, we did not collate the smoking history of our patients. The use of cigarettes should be addressed in future trials, since smoking history might also affect extubation conditions and times. Fifth, the data in our study were non-normally distributed, which was different from the retrospective results, our previous sample size calculation was not totally correct. Although the post hoc power was 0.9 and it was equal to the previous assumption, further study with larger number of patients is required to conﬁrm the results.

Conclusions {#s5}
===========

The current study provides new insight for the perioperative use of Dex, and showed that intratracheal Dex, at a dose of 0.5 µg/kg, 30 min before the completion of surgery led to a smooth extubation and balanced anaesthesia recovery during gynaecological laparoscopic surgery. Thus, intratracheal Dex can be considered as an alternative method to prevent the laryngeal response emerging from general anaesthesia.
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